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THIS BULLFITIX is ^M'itlcn in answc^^ to luinieroiis 
inquiries, largely Ironi swine owners who slaughter 
hogs on their farms and find evidenee ot ini'estation 
with parasites. From the deseriplions and illustrations 
readers should l)e ahU^ to identity nu)s[ of Ihe eonuuon 
parasites. In eerUiin parts ot" the I itited States hogs are 
so seriously infested with internal |)arasites that meat 
packers make deductions from tlie prevaiUng marlvel 
prices in order to ohst t the losses that occur from the 
necessity of eliminating damaged parts. 

The hog is generally considered a (Urty animal, hut 
actual experience has shown, that if given a chance to 
graze in clean pasture and sleep in a dry, clean place, 
it will do so and as a result grow faster and make a 
better profit for its owner. 

Swine owners who take special precautions to pre- 
vent their young pigs from becoming infested with para- 
sites should reap greater profits from their animals by 
being able to raise to market age more pigs from each 
litter. Tliere is akso a saving in feed, since healtliy 
animals ma hire and fatten on less than is lUH'ded by 
parasitized pigs. 

The various external parasites and Ijaeterial diseases 
that affect swine are discussed in other DepartnuMit 
publications. 
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KIND AND LOCATION OF PARASITES OCCURRING IN SWINE 

THE INTERNAL PAPvASITES ^\hkh occur in s^yille show a 
wide variation in sti'uctiire, size, shape, liabits, location, and de- 
gree of injuriousness. Soine of these ])arasites are very simple in 
structure and so minute that they can be seen only with a hi<xh- 
i:)owered microscope. These minute parasites, known as Protozoa, be- 
long to the lowest group of the animal kingdom. The other para- 
sites discussed in this bulletin are worms having a more or less 
complex structure. When full-grown, worms are visible to the naked 
eye, although a nmnber of them are very small and would be de- 
tected ordinarily only by a specialist. The Avorm parasites fall into 
three distinct groups, namely, flukes, tapeworms, and roundworms, 
each group having a more or less characteristic shape. Roundworms 
or threadworms are the most imj)ortant parasites of swine in this 
country. 

Some swine x^arasites live in various portions of the digestive 
tract; others occur in the lungs, liver, kidneys, muscles, and various 
other locations outside of the digestive tract. Wandering young 
worms penetrate various ])arts of the body in the course of their 
migrations. Practically all tissues and cavities of hogs may con- 
tain parasites at one time or another. 

Only the more im])ortant parasites occurring in swine in this 
country are discussed in this bulletin. The parasites, of greatest 
importance ai-e discussed in greater detail than those of less im- 
i:)ortance. 

GENERAL EFFECTS OF INTERNAL PARASITES 

Swine are seriously affected by internal parasites of various 
kinds, the parasitic infestations of these food animals being second 
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ill importance only to boa" tholoin. Even eonipaiat i\ el y iiiilu in- 
festations with the hirae intestinal ixnnulworm. intestinal tliread 
worms, 'thornyheads" or thorn-heaJed worms, nodnlar worm^-, 
wliipworms, kidney worn»s. and Innnworms may reduce pia'S to a 
state in which they are neither well nor definitely sick: in other 
words, the pigs become unthrifty. Heavy infestations produce emaci- 
ation, diarrhea, or consti|)ation and may terminate fatally. The 
conditions under Avhich pi^s are connnonly ke[)t iti many parts of 
the United States are hi<:'hly favoral)le to the spread of pai'asitisui 
and its associated evils of nnthriftiness, stunting, weaknc^ss, emacia- 
tion, and a strikingly high mortality among young [)igs. A large, 
if not a major, part of the mortality among yonng pigs is due to 
parasitic infestations acquired early iu life. piM-haps during the first 
few days. 

Parasites not oidy devitalize pigs l)y robbing tlu^n of essential 
feed and iUfiicting injuries t(> many vital organs, but, in addition, 
probably render swine more liabh^ to infection Avith bacteria and 
other disease-|)roducing agents. The migration of developing worms 
throngh various organs and tissues lesuhs in more or less serious 
disability. In mass migraticuis of worms tlirough the liver, lungs, 
blood vessels, and in the abdomiiial and chest cavities, sericuis conse- 
quences are likely to follow and (d'teti do. Tlie most serious elFects 
are. as a ride, noted in young [>igs. 

Young pigs are not only more sus( e[)i ibli^ to infestation witli in- 
ternal parasites, but also sutler moi'e severely than older pigs from 
such infestations. Pigs and other yontig animals of all kinds ar(^ 
special cases and require s[)ecitil care to protect tliem from an on- 
shiught by parasites and other discase-prculucing orgatiisuis at a 

1) eriod in life when their susciM>tibility to disease is at its height and 
when they still lack the luirdiuess to co[)e with disease-producing 
invaders. Due attention to the protection of pigs eai'ly in life, and 

2) articularly during the first few we(MvS after they have been far- 
rowed, will save the owner co^isidei'able loss resulting from lack of 
condition, stunting, and deaths, and will more than repay the cost 
of affording protection from onslaughts by |)arasites. 

The oft-repeated warning tluit ari ounce of preveniion is v\'ortli a 
pound of cure finds no betU'r iliusiratlon than switie-hnsbandry 
operations. Hog gro\^crs who are careless witli their newly far- 
rowed pigs and make no s|)ecial provisions for taking caro of them, 
frequently spend relatively large sruns of money later for drugs, 
tonics, and conditioners of all sorts, nniny of which are practically 
worthless for alleviating a weakened condition brought about by 
iiifestation with internal })arasites oi- for r(Mnoving parasites. A 
little well-directed energy spent in protecting pigs front tlie rav- 
ages of parasites is not only clieaiH-r but also far more effective 
than much of the useless and indiscriminate medication to whicli 
many hog prodncers commonly resort. In addition to actually pre- 
A'enting losses among {)igs. control measui'es airainst parasites, if 
carefulh^ and persistently followed, bring about a permanent im- 
pi'ovement in swine husbandry by shai'ply curtailing the sources of 
infection. These source.- are the infested hogs which disclnti'ge 
])arasite eggs atid the infested [)astures and lots on which the eggs 
and larvae thrive. 
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CONTROL MEASURES 

Prevention in the broad sense covers all efforts that are directed 
toward avoiding infestation or minimizing its effects. The cardinal 
principle of prevention is sanitation, or cleanliness. An eminent 




Figure 1. — ^Hog lot with corncobs and other litter fav<M*abIe to the development of para- 
sites. The three pigs shown are of the same age ; the two small pigs show the effects 

of parasites and other hog-lot infections. 




FiGUBG 2. — Sow and litter on clean, temporary pasture. Note uniform size of pigs and 
complete absence of runts. These pigs harbored very few parasites. 

parasitologist stated that the way to control parasites in swine is 
to raise these food animals under less swinelike conditions. This 
advice is as somid today as it was more than 50 years ago when it 
was offered. In the minds of many persons the term "swine" is 
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practically synonymous Avitli ^'filtli". this association beinir dne, no 
doubt, to the fiUhy conditions u.nder Avhich swine are kept in some 
places. Old ho<>- lots with their accunudation of manure and litter, 
combined with hog- wallows, are anythino- but a pleasino- si<>'ht (fig. 
1). To expect animals raised in insanitary surroundings to develop 
normally and to produce iiealthy offspring is unreasonable, and such 
expectation usually ends in disappointment. For normal growth 
and development, swine, like all otlier fai-ni animals, require sanitary 
surroundings, a balanced and adeipiatc ration, and rehitive freedom 
from parasites (fig. 2). 

Sanitary surroundings include clean housing, the houses to be 
of sanitary construction so that the floors and Avails can be swept 
and scrubbed to remove manure, litter, and dirt. The outdoor sur- 
roundings should consist of pastures sown to suitable forage crops: 
the pastures should be well drained and provided with good fences 
to prevent pigs from getting into low and wet areas. The ])astni'es 
should be free from littei*. since eggs and larvae of parasites thiive 
under accumulations of all sorts. 

Permanent pastures are far less desirable than temj)orary pas- 
tures, but, if permanent pastures nnist be used, it is essential to 
rotate stock so as not to keep i)igs year after year on the same pas- 
tures. Temporary i)astures, if well kept, well drained, and sown to 
suitable forage crops, olfer the best and sim|)lest solution to tlie con- 
trol of swine parasites. Experience in the Middle AVest, the South, 
and other parts of the country has shown that tlie raising of pigs 
on temporary pastures causes jjractically all stunting, diarrliea, gen- 
eral unthriftiness, and si^ch associated conditions as Im 11 nose and 
mange to disa])[)ear. Pigs produced under these conditions are 
more uniform in size, grow faster, and are almost always nmre 
profitable than ])igs produced under less favorable conditions. Such 
well-kept pigs clevelot) a( a reasontibly rapid rate, are remarkably 
uniform in size, and inider normal market conditions yield a good 
profit on the investment in breeding stock, feed, and labor. Pigs 
raised under sanitary conditions are ready for market several weeks 
earlier than pigs raised vithout S])ecial precautions, and the losses 
are significantly lower. Those actually occurring are due for tlie 
most part to the sows lying on their ]>igs and other ])reventable 
injiu*ies. 

In brief, the problem to be solveil in connection with ])arasite 
control is the protection of pigs from the pai'asites harbored by 
sows and older pigs generally. Assuming that it is impi'acticablc 
for the hog grower to dispose of his infested breeding stock and 
also that it would be difficult to acquii'e parasite-free breeding stock, 
even if he could dispose of the stock on hand, lie is faced witli 
the problem of avoiding excessive infestation in his growing i)igs. 
The first essential is to i)lace the pigs on a pasture not contaminated 
with eggs and larvae of swine parasites. In ])ractice he must sii|>ply 
a temporary pasture; that is, a ])asture that has liad a crop on it since 
it was previously occupied by hogs. As an alternative, a ])ermanent 
pasture that has not had pigs on it for about a year may be substi- 
tuted. A second im})ortant precaution is to keep all hogs, other 
than the soavs, away from the suckling litters and young pigs gen- 
erally, to prevent contamination of the pastures with parasite eggs 
and larA'ae. Finally, the pasture on wliich |>igs are kepi must be 
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■well drained and fi'ee from tiasli and acenniiilations of all sorts, so 
that the parasite e<^gs, and larvae which issue from the eggs passed 
with feces or urine of the sow, will be ex])osed to the action of the 
sun, air drying, and otlier natui*al factors that are more or less in- 
jurious to eggs and larvae of parasites. Prcnniutions of the sort men- 
tioned will not ])revent parasitic infestation of suckling pigs alto- 
gether but will keep the infestations down to a low level. If the 
pigs are properly fed and housed, ]^rotected from association with 
older hogs other than their mothers, and kept on clean pastures be- 
fore and after weaning, the light ijifestations that they Avill in- 
evitably acquire from the sows will do comparatively little harm. 

TREATMENT FOR THE REMOVAL OF PARASITES 

Treatment of infesled swine for the I'emoval of parasites is an 
essential part of good management. By removal of the adult para- 
sites, the dissemination of these disease agents through eggs and 
larvae is checked. In addition, the animal from which parasites 
are removed is afforded relief from the drain of the parasitic infes- 
tation. 

Treatment for the removal of parasites involves the administra- 
tion of drugs whi(?h are rather toxic. The aim of medication for 
the removal of parasites is to kill or otherwise affect the parasites 
so that they will be expelled from the body. Drugs and chemicals 
that are injurious to ]:)arasites may be temporarily injurious also to 
the host animals to which these sul)stances are administered. In 
medication for the removal of ])arasites the dosage must be adjusted 
so as to inflict the least injury on the host animal and the maximum 
injury on the parasites. It is obvious that decisions involving the 
kind of drug to use, ])recise dosage, method of administration, the 
time when treatment should be given for best results, when treatment 
should be avoided because of the physical condition of the animal, 
and similar matters require professional knowledge and skill not 
possessed by most stockmen. Treatment of animals for ailments, 
including those produced by ])a7"asites. is ])rimarily the business of 
the veterinarian. A well-trained vetei'inarian is qualified to make a 
diagnosis to determine whether treatment is practicable, and if so, 
prescribe and administer it. Attempts at medication l)y stockmen 
may lead to disastrous results. As will be noted later, there are no 
established treatments for many of the parasites that infest swine. 
Neither is there any known single treatment that is effective in re- 
moving several different kinds of worms in infested swine. It is 
important, therefore, to determine the kinds of parasites present be- 
fore the feasibility of ti-eatment can be detei-mined or method pre- 
scribed. Such determination involves, in most cases, the use of the 
microscope. 

Treatments effective for the removal of swine parasites cannot be 
administered with feed. If the treatment is administered with feed, 
some animals get too nnich of the drug and others get too little. 
Although the administration of drugs w ith the feed appeals to farm- 
ers as a simple ^vay out of a difficult situation, such procedure is not 
recommended. Treatment must be administered to each animal indi- 
vidually and the dosage computed on the basis of each animal's 
weight. Indiscriminate medication with drugs of various kinds, hav- 
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inp: little or no poteiicv apiinst the [){ira?ites for Avhicli they are 
used, is of little or no a h hie. 

The mere fact that Avorms are passed folloAvintr treatment is not 
sufficient eA^dence that the druo- used Avas efFectiA^e. A A^ery im- 
portant consideration is the number of Avorms that failed to be 
remoA^ed by the dru<r. The removal, for instance, of a dozen AVorms 
from an animal Avhich harboi'S a hundred or more is not sufficient 
to Avarrant tlie expense of treatment. For this reason the treatments 
recommended in this bulletin are limited to those that have been 
tested scientifically and found ta be effectiA'e in removinu* all or a 
laroe proportion of the worms present. 

Treatment is not a substitute for sanitation. Pios that hav^e been 
treated should be moA^ed to clean quarters: otherwise the good that 
has been accomplished by treatment Avill be nullified by reinfesta- 
tion. So long as the treated animtds are allowed to remain in the 
lots or pastures Avhere the infestation Avas acquired they are subject 
to reinfestation. 

PROTOZOA 

Protozoa are the simplest forms of animal life, the indiA^idual 
consisting of an exceedingly minute speck of liA'ing matter. 
Although the largest of the free-living Protozoa can be seen by a 
trained observer with the unaided eye. the parasitic forms of these 
loAvly organisms can be seen only a\ ith the aid of a microscope. 
The small size of the parasitic Protozoa is not an index, lioAAeA^er, of 
their poAver of doing serious damage. On the contrary, some of the 
seA'erest diseases that affect human beings, liA^estock, and poultry are 
produced by protozoan parasites. Malaria, amoebic dysentery, and 
African sleeping sickness are among the serious diseases of man- 
kind that are produced by Protozoa. Some important liA^estock 
and poultry diseases produced by these organisms are tick feA^er of 
cattle, clourine and related diseases of equine stock, coccidiosis of 
poultry and livestock, and blackhead of chickens and turkeys. 

DYSENTERY-PRODUCING PROTOZOA 

SAvine harbor a luunber of parasitic l^rotozoa. including forms 
that are closely related to, if not identical Avith, those occurring in 
hiunan beings. Some parasitic amoebas occiu*ring in the intestine of 
SAvine are practically indistinguishable from those known to prodtice 
amoebic dysentei-y in man. Other protozoans of the intestines of 
SAvine, knoAvn as balantidia, are apparently identical an ith forms that 
occur in persons: in hunum beings these parasites produce a dysen- 
tery^ knoAvn as balantidial d3\sentery. 

The dysentery-producing Protozoa are conveyed from infested to 
susceptible animals by nucroscopic bodies known as cysts. A cyst 
is a resistant stage in the life cycle of these parasites. The cysts are 
discharged Avith the droppings. Pigs swallow the cysts Avith con- 
laminated feed or Avater. 

Although it has not been determined to what extent the dysentery- 
producing Protozoa injure SAvine. or Avhether they produce dysen- 
tery as a rule, there is some eA'idence that balantidia are more or 
less injurious to SAvine. The possibility of the transmission of these 
organisms to human beings must be kept in mind. If for no other 
reason, measures designed to control these parasites in swine are 
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indicated as a liiiman-liealth safoo-nard. The measures to be dis- 
cussed for the control of coccidiosis are a])])Hcable also to the control 
of dysentery-])roducin<>^ 1^'otozoa. 

COCCIDIA 

Coccidiosis in swine is due to the presence in the intestine of 
organisms known as coccidia, Kiwerla dfhliechi and related foiTOS. 
Tlie largest of these parasites in the infective or oocyst stage are 
about one five-hundredtli of an incli in diameter, and the smallest 
ones are less than half that size. 

Coccidia occur in the cells lining the wall of tlie intestine, and 
they undergo their growth and develo])ment within these cells. The 
oocysts (resistant stages of coccidia) are discharged into the cavity 
of the intestine and ])ass out with the d}'o])])ijigs. Before they can 
infect pigs, the oocysts umst undei'go dev(dopment in the open. 

Life history. — Tlie oocysts ai'e swallowed by pigs with feed and 
water that have become contaminated with the droppings of infested 
swine. On reaching the int(»stine, the cont(Mits of the oocyst, consist- 
ing of several infective bodices, are liberat(ML and each infective body 
is capable of penetrating and damaging a cell of the intestinal lining. 
Each new infective body develops at the ex])ense of the cell and 
])roduces a num])er of new infective bodies. Each of the newly 
formed infecting bodies is capable of entering a neighboring cell 
and repeating the ])i'ocess of development, ]nultiplication, and cell 
destruction. The nndti])lication of coccidia does not continue indefi- 
nitely however, and if })ut few^ oocysts are swallowed by a pig the 
few cells that are destroyed by the develo])ing coccidia may not 
produce serious injury. Sooner or later in the course of the devel- 
opment of coccidia, oc)cysts are formed. As already ]ioted, the 
oocysts are discharged with the droppings and ])ropagate the infec- 
tion. Pigs which recover from coccidiosis may contimie to discharge 
oocysts for a long time. Such pigs are classed as cai'riei'S. as they 
transmit coccidiosis to susceptible l)igs. 

Damage produced. — In light cases no symptoms are observed. In 
marked infection ])igs are more or less indifferent to their surround- 
ings, show considerable scouring, are generally unthrifty, and become 
emaciated. Infected pigs may become jiotbellied and have arched 
backs. In extreme cases, which may result in death, emaciation is 
very pronounced, es])ecially in the region of the hips. The bones of 
the hips become rather proininent because of loss of flesh in that 
])art of the body. These sym])toms are associated with a marked 
destruction of intestinal cells and a swelling and congestion of the 
intestinal wall. 

Treatment. — There is no treatment that is known to be eft'ectiAC 
in curing coccidiosis in swine. 

Control. — The control of coccidiosis is largely a matter of sani- 
tation. Severe cases of coccidiosis are generally noted in pigs that 
have been raised under poor sanitary conditions, particularly in pigs 
raised on old hog lots and on ])ei'manent low^ and wet pastures. 
These conditions afford ideal surroundings for the survival of the 
oocysts. Marked im])rovement has been noted in infested pigs that 
were moved from their insanitary surroundings to clean pastures or 
isolated in houses having concrete floors. The removal of an infected 
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pig from the area where the infection was acquired reduces the 
chances of reinfection and affords opportunity for recovery. The 
recommendations for controlling the large intestinal roundworm 
should be followed for the control of coccidiosis and the dysentery- 
producing Protozoa. 

FLUKES 

Flukes are soft, more or less flattened, leaflike worms that occur 
in various locations in the animals which they parasitize. These 
worms have rather complicated life histories; they are transmitted 
from one host animal to another by way of a snail carrier and in 
some cases by way of an additional intermediate host or carrier. 
Although a number of different flukes have been recorded from 
swine in various parts of the world, only two kinds are considered to 
be of sufficient importance for consideration in this bulletin. 




Figure 3. — ^Portion of swine lung showing superficial sacs containing lung flukes, 
THE COMMON LIVER FLUKE 

The common liver fluke, Fasciola hepatica^ is primarily a parasite 
of sheep and cattle, but occurs also in other animals, including swine. 
The worms are about 1 inch long by about one-half inch wide and 
are located in the bile duct and bile canals of the liver. Liver flukes 
in swine are encountered only in areas where these animals are kept 
on low, swampy ground. Such wet areas are apt to harbor aquatic 
snails; in which the early development of flukes must take place. 
Sooner or later the young flukes leave the snails. Swine pick up 
the infestation as a result of swallowing green forage or water 
harboring the infective stage of the fluke. 

Liver fluke infestation in swine is not a serious problem in this 
country, so far as is known at present. As a precaution against 
infestation with this j)arasite, SAvine should be kept off swampy or 
boggy pastures, especially in the Pacific Coast and Rocky Mountain 
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States and in the Sontli, especially alono- the Gnlf coast. In the 
areas mentioned livei'-fluke infestation is a serious problem in cattle 
and sheep. 

THE LUNG FLUKE 

Lnng flukes, Pa;rago7iimus irestermanii^ are thick, oval worms a 
little less than one-fifth to about three-fifths of an inch lono' and 
about one-fifth of an inch or less wide. These pai'asites are located 
in sacs or cysts in the substance of the lnn*i's (H^j:. 3). 

Life history. — Tlie eggs produced by the flukes in the lungs are 
coughed up and swallowed and are discharged with the droppings. 
In swampy areas the eggs hatch, and the young flukes get into cer- 
tain aquatic snails in which they deA^elop. They leave the snails and 
undergo further develo])ment in crayfishes. Hogs become infested 
as a result of eating infested crayfishes. Hogs rooting in Avet and 
boggy pastures have ample opportunity of bringing crayfishes to 
the surface and devouring them. Once free in the digestive tract of 
hogs, the young fhikes boi'c their way through the intestinal walls, 
wander to the lungs, j)ene1i'iite this vital oigan. and develop there 
to egg-laying maturity. 

Damage produced. — No special symptoms have been noted in af- 
fected hogs, largely because this infestation has not been studied 
extensively in these animals. The presence of flukes in the lungs 
produces an inflannnation. AVhen an infested lung is viewed sut)er- 
ficially the cysts genei'ally a])]3ear as dark areas; if the cysts are 
located deep in the lungs, the surface of this organ may show only a 
swelling (flg. 

Treatment. — There is no known treatment for the remf)val of 
lung flukes fi'om swine. 

Control. — The control of lung fluke infestation in swine is based 
on the mode of t I'ansmission. Hogs should be ]<ept off wet and 
boggy areas. If necessury, such ai'eas should be fenced to prevent 
swine from having access to tlu^n. 

TAPEWORMS 

Tat^eworms occui' in domestic animals either as adults in the in- 
testine, as a rule, or as bladder worms located outside of the di- 
gestive tract. On casual examination tliein^ is little I'esemblance be- 
tween a bladder worm and an adult tapewoi'm. Actually, however, a 
bladder worm is an incom])letely developed tapeworm consisting of 
a fully formed head and nc^ck. The heads of the bladder worms 
discussed in this bulletin beai* four cu})-shaped suckers and a double 
crown of hooks for the attachment of the future tapeworm to the 
wall of the intestine of the flnal host. The head and neck are in- 
verted into the thin-walled bladder at one end, the arrangement re- 
sembling the tip of a glove finger that is pushed in at the end. Tlie 
inverted head and neck aj^pejir as an ot)a(jue ol>ject in the ])hidder, 
Avhich is filled with a more or less clear fluid. 

If a bladder worm or part of a carcass containing one or more 
bladder worms is eaten by an animal cai)able of harboring the adult 
ta|:)eworm, the head and neck of the l)ladder worm are turned outward 
in the stomach, and the wall of the bladder portion of the worm is 
digested. Upon reju'hing the intestine, the head becomes attached 
to the wall by means of its suckers and hooks, and the neck begins 
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to bud off segments, forming in the course of about 2 months a 
jointed, flattened, whitish worm which may attain a length of sev- 
eral feet. 

Domestic hogs in the United States are not known to harbor adult 
tapeworms in the intestine. Hogs harbor three species of bladder 
worms, however, one species developing into an intestinal tapeworm 
in man and the other two species developing into tapeworms in the 
intestine of dogs. 

THE PORK BLADDER WORM 

This tapeworm, Taenia solium^ occurs in hogs in the immature or 
bladder worm stage. The fully grown or adult tapeworm occurs in 
human bein^ and is known as the pork tapeworm. The bladder 
worm stage is more or less spherical- to lemon-shaped and is from 
a little over one-fifth to two-fifths of an inch in maximum diameter 
(fig. 4). 




Figure 4. — Pork bladder worms removed from the muscles (natural size). 

The pork bladder worm occurs in the musculature of hogs, espe- 
cially in the muscles of the abdomen, the muscular portion of the 
diaphragm, the loin muscles, the heart (fig. 5) , the muscles used in 
chewing, the tongue, the muscles between the ribs, certain muscles of 
the hind legs, and shoulder muscles. Pork bladder worms have been 
found also in the brain, eyes, liver, lungs, pancreas, spleen, and in 
several other locations. 

Life history. — Should a live pork bladder worm be swallowed 
with raw or incompletely cooked pork by a human being the com- 
bined action of the digestive fluid and the warmth of human stomach 
causes the head and neck of the worm to be pushed out, leaving the 
more or less shrunken bladder behind the neck ; the wall of the blad- 
der is digested. Upon reaching the small intestine, the parasite at- 
taches itself to the intestinal wall by means of its suckers and hooks 
and develops in the course of about 2 months into a gravid (egg-pro- 
ducing) tapeworm (fig. 6). The tapeworm may attain a length of 
3 to 6 feet, the longest joints in the tail end being about half an inch 
long and one-third of an inch wide. The joints or segments at the 
tail end become detached from the tapeworm chain ana are expelled 
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with the excreta, new segments taking their place by growth which 
occurs in the region of the neck. 

The detached segments expelled with the excreta contain numer- 
ous eggs which become liberated as the segments disintegrate. Pigs 
become infested as a result of swallowing the tapeworm eggs or 
entire segments, each containing hundreds of eggs. On getting into 
the pig's digestive canal, the eggs hatch, and the young worms, which 
escape from the eggshells, bore into the wall of the digestive canal 
and are carried by the blood stream, aided probably by their own 




Figure 5.— Hog heart showing a heavy Infestation with the pork bladder worm. 



migrations, to the various locations in which they are known to 



occur. 



Damage produced. — ^There are jeio definite symptoms associated 
with bladder-worm infestation of swine. Infestation is diagnosed, 
as a rule, after death upon the discovery of the bladder worms in 
the muscles and other locations already mentioned. Pork infested 
with these bladder worms is commonly known as measly pork. On 
account of the danger to human health which might result from the 
earfeing qf raw or imperfectly cooked measly pork, special precautions 
are faken to ctetect these parasites in swine carcasses under Federal 
meat inspection and competent State or local inspection. Lightly 
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infested carcasses are not [)assed for linman food witliout steriliza- 
tion, following- the removal of visible cysts: if the infestation is 
excessive the carcass is condemned. 

Treatment. — There is no known practical tieatmeut foi* the re- 
moval of bladder worms from swine. 

Prevention. — Infestation can be prevented by a sonnd system of 
rnral sanitation. Pi<i's become infested only as a resnlt of swallow- 
ino' the tapeworm sea'ments or e<:<j:s Avith feed and water that has 
become contaminated Avitli hninan excreta or by rootino- in con- 
taminated areas. Proper disposal of hnman excreta Avill prevent 
contanunation of areas to Avhich swine have access and will prevent 
infestation. As the tapeworm cysts become rarer in swine, the adnlt 
tapewoi'm also becomes rarer in man, and thns the vicions cycle of 
the parasite is irradnally desti'oyed. 

The pork bladder worm is beconTuiir rather rare in hogs in this 
conntry. It is found in swine only in areas where the leA^el of hnman 
sanitation is still far below the accepted standards. The pork tape- 
Avorm is also capable of developin<r to the bladder-worm sta^^^e in 
human beino;s, the bladder Avorm lod<>in<r in the eye and brain as well 
as in the nniscles: Avhen the bladder worms lod<»e in tlie human 



VicvuK G. — Several portions of a poi'l; lapcnvonn from iinmaii intcstino (iiearly 

oiR'-lialf iiatuial size). 

l)rain they may produce epilepsy. It is highly important, therefore, 
to prevent tliis ty[)e of dangerous hnman infestation by a rigid 
adherence to sanitary disposal of human excreta on farms and rnral 
comnnmities. I^ro})er sanitation in tliis resi)ect Avill remove the 
danger of infecting human beings as well as swine. 

THE THIN-NECKED BLADDER WORM 

The thin-necked bladder Avorm, Taema hydafk/eria. occurs em- 
bedded in tlie liA^er, attached to the abdominal organs or free in the 
abdominal cavity of cattle and sheep as well as swine. It is nsually 
about 1 inch in diameter but may attain a much larger size (fig. 7). 

Life history. — The life histoi-y is similar to that of Ihe pork tape- 
A\orm, except that the dog harboi's the adult tapeworm. Dogs be- 
come infested as a result of swalloAving the live bladder Avorms. 
Hogs, in turn, become infested as a result of swallowing the eggs 
or tapeworm segments eliminated Avith the droppings of infested 
dogs Avhich run over hog past^n^es and lots and leave behind seg- 
ments and eggs capable of producing an infestation in SAvine. 

Damage produced. — Infestations of swine with tlie thin-necked 
bladder AVorm cannot be diagnosed during life. A light infestation 
AAith this tapeworm produces little, if any, injury: lieaAy infestations 
are said to be fatal to young animals. 
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Treatment. — There is no known practical treatment for removing 
the thin-necked bladder worm from swine or destroying this parasite 
in the living animals. 

Prevention, — The destruction of bladder worms found in swine 
carcasses, however, is an important method of controlling the spread 
of this parasite. Under Federal meat inspection and competent 
State or local inspection, the bladder worms and affected parts are 
condemned and tanked. When swine are killed on the farm or in 
country slaughterhouses having no inspection, there is danger that 
parts affected with bladder worms may be thrown to dogs or, be- 
cause of improper disposal of offal, maj become accessible to dogs. 
Proper disposal of inedible parts of swme killed on farms, supervi- 
sion over country slaughterhouses, deep burial, or preferably burn- 




FiGURE 7. — The thin-necked blaBder worm (natural size). 

ing, of swine and other host animals that die on farms, will prevent 
do^ from becoming infested. Proper attention to dogs to prevent 
their Maming over pastures m^ io^ikmd regular treatment of dogs 
for tne removal of tapeworms,^ will prevent the spread of this 
infestation to swine. 

THE HYDATID 

Hydatids, Echinococcus granulosus^ are bladder worms located 
principally in the liver and lungs of swine^ but may occur in practi- 
cally eveiy organ of the body. They vary m size and shape and may 
attain the size of a child's head. Those occurring in swine livers 
(fig. 8) range downward from the size of an orange. The bladder is 
filled with a clear fluid containing minute objects resembling grains 
of sand. These are the brood capsules which contain multiple heads, 
each head being capable of giving rise to a tapeworm in the intestine 
of a dog, cat, or other suitable carnivorous host animal. The pri- 
mary bladder worm may develop other bladder worms on the inside 
or the outside, the daughter bladder worms being attached -or 



^For information on treatment of dogs for the removal of tapeworms, see Department 
Circular 338, Parasil^s and Parasitic Diseases of Dogs, U. S. Department of Agriculture. 
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unattached to the mother bladder worm and each daughter bladder 
worm developing its own brood cai^sules. 

Life history. — ^The segments containing eggs eliminated by adult 
tapeworms in the intestine of a dog, or other carnivore, pass out with 
the droppings and contaminate the soil, feed, and water with which 
these droppings come in contact (fig. 9). Infested dogs that run 
over hog lots and pastures may leave taj)eworm eggs behind them, 
each viable egg being capable of producing a hydatid cyst in the 
liver or some other organ of a susceptible animal by which it may 
be eaten. 




Figure 8. — Swine liver showing hydatid lesions (white spots) on the surface. 



Hogs acquire hydatids as a result of swallowing feed or water 
contaminated with the tapeworm eggs or by rooting in contaminated 
soil. The tapeworm eggs hatch in the digestive tract of swine and 
reach the liver and oflier organs through the blood. Presumably 
the newly hatched larvae in the alimentary canal penetrate its wall 
and get into the blood stream. The larvae are thus distributed to 
various organs in which they settle down and develop into hydatids. 
Dogs, in turn, become infested as a result of eating infested offal 
from slaughterhouses or the carcasses of dead animals that are left 
lying in pastures or lots. The tai)eworm that develops in the dog is 
only about one-fifth of an inch long and consists of only three to five 
segments. 
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Damage produced. — No distinctive symptoms associated with 
hydatid infestation of swine have been noted. Considering the size 
of hydatid cysts and their location in vital organs, these parasites 
must be classed as decidedly injurious. The sheer Aveight of the 
cysts Avould injure the organs in which they occur and would inter- 
fere seriously with the functions of the affected ])arts. 

Prevention. — Prevention should follow the procedures mentioned 
for controlling the thin-necked bladder worm. The importance of 
controlling the wandering of dogs over })astures and lots is strongly 




Fk.^uke '.]. — LilV liistory of liytlatid tapcwonii. 



emphasized in connection witli hj^latids, since these parasites are 
far more injurious to swiue than the thin-necked bladder worms. 
The need for periodic treatment of dogs to remove tapeworms is 
another measure essential for controlling hydatids. Not only hogs, 
but also sheep, cattle, horses, human beings, and other animals are 
susceptible to hydatids. In hunutn l)eings hydatids are highly 
dangerous parasites and an infestation with these worms necessi- 
tates a surgical operation of a very serious nature. Preventive 
measures taken to control hydatids in hogs and other farm animals 
will aid materially in controlling this serious infestation in huinan 
beings. 
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ROUNDWORMS 

Roundworms are a class of relatively slender, cylindrical worms, 
more or less attenuated at both ends. Roundworms occurrinjg in swine 
show a wide range of size, the smallest mature worms bemg about 
one-sixth of an inch long and as thin as the finest silk thread, 
whereas the largest ones are 10 or more inches long and as thick or 
thicker than an ordinary lead pencil. Roundworms occur in a va- 
riety of locations inside and outside of the digestive tract, some of. 
them wandering in the larval or adult stage to various locations in 
which they become trapped in one way or another. Some of the 
roundworms, such as the stomach worm, are named for the location 
in which they are principally found. 

The roundworms discussed in this bulletin, with the exception of 
trichiaae, reproduce by means of eggs expelled by the worms. 
The eggs, which can be seen only with the aid of a microscope, are 
passed with the droppings (urine in the case of kidney-worm eggs) 




Figure 10. — Portion of inner surface of a hog's stomach showing thick stomach worms 

(natural size). 

of infested swine. The eggs of certain roundworms hatch on the 
ground, and the newly emerged worms or larvae must undergo their 
early development on soil or on pastures before tliey can infest swine ; 
the free-living stages are too small to be seen with the naked eye. 
The eggs of other species develop to the infective stage without 
hatching, while those of still other species develop to the infective 
larval stage only if they are swallowed by an intermediate host, 
usually an insect. In the latter case, hogs become infested as a result 
of swallowing the infested intermediate host. 

STOMACH WORMS 

Swine harbor three species of stomach worms. The red stomach 
worm, Hyostrongyliis rabidus^ is a small, delicate, reddish, threadlike 
worm, normally about one-fifth to one-third or an inch long and 
one two-hundred-and-fiftieth of an inch thick. These worms ai® 
transmitted from infested hogs to young pigs through larvae which 
hatch, on pastures and on lots, from eggs deposited by the worms lii 
the stomach. The eggs are eliminated with the droppings of swine, 
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hatch on j^astiires and on bare soil, and develo}) to the infective 
stage in a few days, under favorable conditions. Ho<rs become in- 
fested with red stomach worms by swallowinir feed or water 
contaminated with the infective larvae. 

The thick stomach worm of swine (fi<j:. 10) may be either of two 
species, A>scarops strong j/llna or Phi/>iOcei>halu>s ^sexalatus. These 
worms are more or less simihir in a|)[)earaiice, whitish or reddish in 
color, between a lifth of an inch and an inch ]on<2:, and about an 
eightieth of an inch thick. The thick stomach worms of hogs are trans- 
mitted by various s|)ecies of dung beetles which feed and breed in 
swine manure. The beetles swallow the Avorm eggs wdth the manure 
of infested swine and transmit the ])arasites when swine eat the 
infested beetles. 

Damage produced. — Stomach worms contribute genei'ally to the 
emaciation and digestive disturbances so characteristic of infestation 
with parasites. The })resence of these worms in the stomach is usu- 
ally associated witli a catarrhal condition of the stomach wall. The 
presence of thick stomach worms, in ])articular, is usually associated 
with a thick, mucuslike, false membrane on the stomach wall, the 
worms being located between this false membrane and the stomach 
wall proper. A condition of this kind interfei'es. no doubt, with the 
process of digestion. 

Treatment. — Carbon disulphide adjuinistered at the rate of 2 
to fl^ii^^l drams (8 to 10 cubic ceiitimeters) per 100 pounds of liAe 
weight is effective in removing the red stomach worm from swine 
and has also been reconnnended for tlie removal of the thick stomach 
worm. The drug may be administered in capsules or by stomach 
tube. Food shouTd be w ithlield for 30 to 48 hours before treatment, 
as the presence of food in the stomach interferes with the action of 
the drug and tends to reduce the value of the treatment. 

Control. — The swine sanitation system, including the modification 
for kidney-worm control (pp. '3S-39), w^ill help to control the red 
stomach worm. Sanitation in general, with emphasis on the avoid- 
ance of old hog lots and permanent pastures, should also prove help- 
ful in controlling the thick stomach worm by reducing the number 
of dung beetles on i)astures. 

THE INTESTINAL THREADWORM 

Intestinal threadworms, Strong yloides mnsomi are especially com- 
mon in pigs during the suckling stage and persist, usually in smaller 
numbers, for a long time after weaning. The adult parasites, all of 
Avhich are females, live in the small intestine. These worms are very 
line, delicate, Avhitish creatures, about one-sixth of an inch or less 
long and about one-thirtieth of an inch Avide. 

Life history. — The eggs produced by the Avorms in the intestine 
are eliminated Avith the droppings. On bare soil or on pastures, the 
eggs hatch Avithin a few hours under favorable conditions, and the 
larvae Avhich issue from the eggshells folloAV one of two courses of 
deA'elopment. Some larvae develop directly to a stage that is infec- 
tiA'e to SAvine, Avhereas other larvae develop on the ground into male 
and female Avorms. These Avorms mate, and the females produce eggs 
Avhich hatch on the ground; the young AVorms issuing from these eggs 
develop to a stage that is infective to SAvine. In either case, the net 
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result is the development of young worms capable of entering the 
bodies of pigs. 

Infection results from the pigs eating feed contaminated with the 
infective larvae. Pigs can also become infected as a result of the 
penetration of the larvae through the skin, as described for the kid- 
ney worm. 




Figure 11. — ^Portion of small iutestlne of a pig infested with ascarids. Some of the 
worms are protruding from, and a few are completely outside of, the intestine (one- 
half natural size) . 

Damage produced. — Young pigs appear to be more heavily 
infested with these parasites than are grown hogs. Young pigs har- 
boring massive infestations with intestmal threadworms suffer from 
diarrhea, become anemic, and fail to grow normally. As a result of 
the penetration of the larvae into the skin, pigs may show skin erup- 
tions. The worms in the intestine injure the delicate mucous lining 
and thus produce intestinal irritation, which in turn paves the way 
for the entrance of bacteria into the blood, with possibly serious, if 
not fatal, consequences. 
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Treatment. — Xo treatment based on tliorough tests has 3'et been 
devised for tlie removal of intestinal threadworms from swine. 

Prevention. — Preventive measnres involve sanitation, pastnre rota- 
tion, and avoidance of okl liog lots and permanejit pastnres. 

THE LARGE INTESTINAL ROUNDWORM OR ASCARID 

The large intestinal ronnd Avorm, Ascari'^ -suis^ is a large, thick, 
yellow^ or piidv worm, about the size of an ordinary lead pencil (fig. 
11). The noi'mal location of the adnlt ])aras)tes is the small intes- 




FiGURE 12. — Life history of swine ascaiid. 



tine; wandering adults may occur also in the stomach, in the lower 
portion of the alimentary canal, in the bile ducts of the liver, in the 
gall bladder and in other parts of the body which have channels of 
communication with the gut. The young migrating Avorms occur in 
the blood stream, the liver lungs, and other organs and tissues. 

Life history. — The adult females produce thousands of eggs daily 
(fig. 12). It has been estimated that a single full-grown female 
Avorm ill the intestine of a hog may contain betAveen tAventy-six and 
tAventy-seA^en million eggs. The eggs are eliminated from the liog'S 
intestine Avith the droppings and are not infective until they have 
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uii(leT<>'one development in tlie ()j>eii. Under faAorable conditions of 
teniperatnre and moisture, the eo-os reacli the infective sta<ie in al)ont 
3 to 4 weeks; under unfavorable conditions, such as low temperatures 
and lack of moisture, the develofunent of tlie e<i;os may be i)r()lonoed 
to several months. When the eggs ha\'e attained the infective stage, 
a tiny worm already undergoing a molt is contained in the eggshell. 

Pigs become infested with ascarids by swallowing the infective 
eggs with feed or water. Ascarid eggs are abundant ou lots and 
pastures previously occu|)ied by infested hogs and hence contam- 
inated with their droppings. The young Avorms present in the egg- 
shells become free in the pigs' intestines. These microscopic Avorms 
penetrate the wall of the intestine and travel in the blood stream to 
the liver, and from the liver to the lungs: in the lungs the worms 




Fi(;rkK M\. — The roimdworm's jom'iioy (liiouuli tli<^ i>i«?. 



leave the small blood vessels aiul get iiUo the air S[)a('es. From the 
air spaces in the lungs the Avorms tra\'el upward along the branches 
of the Avindpipe, in tiie Avindpipe i)roper, reach the back of the mouth, 
and are swallowed. On getting l>ack into the intestine, they settle 
doAvn and groAv to egg-laying maturity in about 2 to i^to months. 
The roundwornrs journey through the pig is shoAvn in figure 13. 
If many young Avorms make this curious roundabout journey at the 
same time, the resulting injury to the lungs is likely to be A^ery seri- 
ous and may prove fatal in the case of \ery young pigs. 

Damage produced. — Roundworms in the intestine may produce 
digestive disturbances and a capricious appetite, retard groAvth and 
development, and interfere Avith the Avell-being of pigs in other 
Avays (fig. 14). In exceptioiuU cases, particularly Avhen pigs are on 
an inadequate diet, infested animals may become anemic, suffer from 
colic aiul, in extreme cases, they nuiy suifer from convulsions. Dur- 
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ing the migration of numerous young ascarids through the lungs, 
pigs have difficulty in breathing and may die of pneumonia. Proba- 
bly many, if not most, cases of thumps in young pigs are caused by 
ascarid migrations through the lungs, but other causes of thumping 
must not be overlooked. Pigs that survive a severe infestation of the 




FiGUEE 14. — ^Pigs showing the effects of roundworm invasion of the lungs 8 days 

after infection. 




PiGUEB 15. — ^Two pigs of the same age. The large one is normal; the small one was 
stunted by roundworms and other hog-lot infections. 

lungs with ascarid larvae may not recover fully and often fail to 
grow and develop at a normal rate (fig. 15). Pigs are far more 
susceptible to ascarids than grown hogSj and very young pigs suffer 
seriously from the effects of these parasites. 

Although the damage to the liver and lungs done by the migrating 
larvae heals as a rule, the liver is sometimes permanently affected 
by the massive migration of young worms. The repair to the dam- 
age results in numerous scars, the entire surface of the liver becom- 
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ing peppered with whitish areas (fig. 16). In some lots of hogs as 
many as 35 percent of the livers have been thus affected. 
. Treatment. — The most satisfactory treatment for the removal 
of ascarids from the intestines of swine consists in the administra- 
tion with a dose syringe or by means of a stomach tube of worm- 
seed oil (oil of chenopodium) at the rate of one-half to 1 fluid dram 
(2 to 4 cubic centimeters) to a 100-pound animal, immediately pre- 
ceded or followed by at least 2 fluid ounces (60 cubic centimeters) 
of castor oil, or the drug may be administered in the oil. Some 
veterinarians substitute calomel or aloes for castor oil; others use 
Glauber's salt or Epsom salt in solution on oats or in slops at th^ 
rate of 1 pound of salt to 10 hogs, 3 hours after treatment. Al- 




FiouBB 16. — Swine liver showing numerous small' scars (^tll^Mi "llKyis) produced })y 

migrating ascarid larvae. 



though doses for animals of various sizes are usually computed on 
the basis of weight, it is likely that a dose of 2 fluid drams of oil 
of chenopodium is adequate for hogs weighing 300 to 400 pounds. 
Swine should be fasted for 18 to 24 hours prior to treatment and 
should not be fed or watered for 3 hours after treatment. Oil of 
chenopodium should not be administered to animals suffering from 
fever, constipation, intestinal catarrh, or necrotic enteritis, and the 
treatment should not be given to very young animals or to pregnant 
sows. 

Santonin, for a long time regarded as an effective remedy for the 
removal of Roundworms from swine and commonly recommended 
for this purpose, is not very effective in the doses which have been 
usually recommended. Wlien santonin is administered in relatively 
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large doses, one-sixth to two-thirds grain ])er pound of body weight, 
followed in 12 hours by 1 gram of Kpsoui sah i)er pouu([ of body 
Vveight, a large percentage of asoarids i^ removed. 

It has been shown, by experiment, that hexylresoreinol will re- 
move a large percentage of ascarids from swine in doses of 1 dram 
(4 grams) for pigs weighing between oO and 50 pounds. This treat- 
ment Avas given after a preliminary fasting ])eriod of at least 30 
hours, and the treatment was followed immediately by 1 to 2 fluid 
ounces (80 to GO cubic centimeters) of castor oil. The high cost 
of the drug and the long period of fasting make this treatment 
rather impractical. 

Although there has ))een a great demand for a treatment that 
can be administered in the feed to a number of swine at the same 
time, this method of administering di'ugs is not recommended, de- 
spite the fact that it would save time and labor. After careful test- 
ing, mineral mixtures, often recommended as valuable in remoAdng 
worms and preventing infestation, have been found to be ineffec- 
tive for these })urposes. Mineral mixtures htive their value in swine 
management and should be used for the pur[)ose of supplying neces- 
sary mineral constituents, but they should not be used as worm 
remedies. 

Control. — Control of ascarid infestation h\ swine can be accom- 
plished successfully by following the sanitation system of swine 
management. This system was developed by the Federal Bui'cau of 
Animal Industry as a I'esiilt of scientitic investigations cairied out 
in cooperation with farmers in the Middle West, in the South, and 
elsewhere in the Ignited States. The swiue-stiuitation system, out- 
lined below, is the basis oa A\irK'li control measures for all swine 
parasites should be undertaken, the system as a whole requiring cer- 
tain modifications here and there, in order to ada])t it to the control 
of parasites other than ascarids. JNTodificatioiis already worked out 
in detail for kidney worms are discussed elsewliere in this bulletin. 
The basic sanitation principles, as woi-ked out for ascarids. will 
control effectively or to some extent practically all the important 
swine parasites, l^riefly the system is as follows. 

8AV[NI-:-SAMTATl(tX SYSTF.M 

Before farrowing time the fa]'r(>^^^ng pens, which should be of 
sanitary construction, shoidd be thoroughly cleaned (fig. IT) by 
removing all litter and washing the wooden or concrete floors and 
sides of the pen with hot water and lye. The water should be very 
hot and should be used lil)ei'ally in oi'der to desti'oy tlie worm eggs; 
the lye helps to remove dirt. If the fari'owiug pens are not arti- 
ficially heated, the cleaning should be done in the fall before freez- 
ing weather. 

The sows should be |)lace(l in the clean i>ens a few days before 
farrowing but not until the nuul and dirt on their skins have been 
removed by careful washing with soap and warm watei*. The udders 
])articularly should be well washed, and no part (^f the S(nvs" bodies, 
including the feet, slionld be oxei'looked in the cleansing process. 
The mud and Hlth adhering to the sows" bodies, uddm's, and feet 
are likely to contain, munerons wornt eggs a'ld disease gernis, so 
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that the newborn pigs are likely to swallow infective material with 
the first few mouthf uls of milk. 

After farrowing, the sows and pigs should not be allowed out of 
the farrowing pens until they are hauled to a pasture which has 
been prepared especially for them. They may be moved to the 




Figure 17. — Cleaning the farrowing pen. The equipment consists of k shovel, a broom 
or brush, and plenty of hot water, soap, and lye. 




Figure 18. — double-decked crate for hauling the sow and pi^s from the farrowing pen 
to the pasture. The sow is placed below, and the pigs are above. 



pasture, in from a few days to 2 weeks, in a double crate on a sled 
(fig. 18) which can be backed up to the door of the pen for loading. 
The lower compartment of the crate is for the sow, the upper is for 
the pigs. A venr essential feature of the system is the avoidance of 
old hog lots and permanent pastures. Hence the pasture to which 
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the so AYS and pias are moved should l)e one tlial lias been under cul- 
tivation and has l)een sown to a suitable t'oraue erop, ])i'efei'ably a 
leguminous cro]). The pasture should be ju'ovided witli individual 
shelter houses for the sows and their litters. A safe, clean water 
supply should be pro\ ided. Xo other ho<is should have access to this 
])asture, nor shouhl the pi^s l)e allowed to run back from the pas- 
ture to tlie barnyard or lio<iyard or to any other place contaminated 
with the mamire of otlu^i' ho<:s. Failure to follow this precaution 
has virtually mdlified the benefits of the entire system in many 
instances. When it becomes necessary to move the ])ii:-s after weaii- 
ino- to another pasture, the same precautions should be followed with 
I'egard to an anitements for a clean temporary pasture. This pasture 
should not ha\e been occupied by hoo-s previously, and should have 
^ood shelter liouses and a safe water supply. The safe procedure is 
to keep the pi<>'s on clean pastures, under conditions which will bar 
access to dirty ho<»- lots, until they are r(^ady for market. 

The swine sanitation system just outlined avjis oi'i<^iiinlly developed 
for sprin<>- piirs farrowed in the Korthern or Central States. In 
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the case of fall pias fai'rowed in such Slates, the an-aniroments may 
be modified as follows: 

The permanent farrowin<:" house need not he used. If the sows 
have been runuin<:- on |)astnre ami are nol inerusied witli mud 
and filth, they may be transferred dii'eetly, without washino'. to the 
special pasture, and allowed to farrow in the individual houses oji 
the pasture. This modification is applicable to the South for both 
s|)rin<>* and fall farrowing and is commonly followed in many of 
the Southern States. In the South, simple, inexpensive A-type houses 
are provided on the pastui'c for the sow ami her liltei' (ha*. I'V). 

By folloAvina the swine sanilaiion system (he ho<^' a'l'owiu' can 
reduce considei'ably tlie cost of produ 'ina his pia ci'op. With due 
attention to all the steps in the system, the n'umber of sows i'e(iuired 
to produce ti aiven pia cro]) can be reduced by as much as pei'cenr, 
thus effectino' a considerable savina in the cost of production. More- 
over, pio*s raised under the sanitation system are noticeal>ly mnform 
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in size (fig. 20^, runtiness being greatly reduced, and the time re- 

?uired for raising the animals to market age can be shortened by 
rom 4 to 8 weeks. This effects a saving in fS^ and care and reduces 
the risk of loss from infectious diseases because of the shorter holding 
period.^ 

It is important to remember that hog-cholera control by approved 
methods should be practiced along with sanitation. 

The ascarid that occurs in human beings is closely related to, if 
not identical with, the pig roundworm. In persons this parasite 




Figure 20. — Pigs raised under the sanitation system.; not@ kniformity in size and quaUty. 
These pigs averaged 220 pounds when they were 6% months old. 



undergoes mirations similar to those in the pig. While it has not 
yet been estabTished conclusively that the pig roundworm will develop 
m the human intestine, it has been shown definitelj that the larvae 
of the pig roundworm will migrate jto the lun^ of human beings 
and produce serious damage. Children, in particular, are likely to 
"pick up" ascarid eggs while playing in areas, to which pigs have 
access, especially through putting soiled fingers in the mouth or 
eating fruit that may have fallen on the ground. A strict adherence 
to the sanitation system of swine husbandry involves the keeping 
of pigs on weU-fenced pastures. This precaution is a human health 
safeguard as well as a sound animal-husbandry practice. 

THE THORN-HEADED WOKM 

Thorn-headed worms, Macracanthorkynckus kir^tdinaceus^ are milk 
white to bluidi in color^ and cylindrical in shape, the largest being 
about the size of a lead*pencil. The head is provided with a spiny 
proboscis (snout) by means of which the worm becomes firmly em- 



3 For additional information on controlling roundworms see U. S. Department of 
Agriculture Leaflet No. 5, The Prevention of Roundworms in Pigs. 
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bedded in the wall of the gut (fig. 21). The attachment of the 
worm is so firm that it requires some effort to detach one from its 
hold. 

Life history. — ^The adult female worms produce numerous eggs 
which pass out with the manure (fig. 22). May beetle larvae or June 
bugs, commonly known as "white grubs''^ eat the eggs along with 
swme manure or with soil contaminated with the manure of infested 
swine. The eggs hatch in the bodies of the grubs and develop to a 
stage that is infective to swine. Pigs obtain and swallow the grubs 




Figure 21. — smaU portion of a hog's intestine showing thorn-headed worms attached. 
The arrow indicates a swelling in the outer intestinal wall produced by the worm (one- 
half natural size). 

by rooting m soil in which they occur. The young worms escape from 
the bodies of the grubs as a result of the process of digestion in the 
pig's stomach or intestine or both^ settle down in the intestine, and 
develop there to egg-laying maturity. 

Damage produced. — No special symptoms have been attributed to 
infestation with thorn-headed worms, although these parasites are 
decidedly injurious. At the place of attachment to the intestinal, 
wall a swelling or nodule appears (fig. 21) ; this is visible on the outer 
coat of the intestinal wall. Sometimes the injury is so deep that the 
intestine is perforated, which causes peritonitis, an inflammation of 
the delicate lining of the abdominal cavity. This condition is 
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fraught with serions aiul often fatiil consequences. These worms 
contribute also their sluire to the oeneriil untln'iftiness that is nearly 
always associated with |)arasitic infestation and, in exceptional cases, 
may produce the serious condili<jn already noted. 

Treatment. — Various drugs known to he eti'ective in removing 
certain parasites from swine and othej* domesticated animals have 
proved rather ineffective in removing thorn-headed w^orms. In the 
absence of effective medicinal tivatintMit. control measures consti- 
tute the only hope at ju'esent of keeping swine frt^e from thorn- 
headed worm infestation. 




Figure 22. — Life }ii.st()ry of the tliorn-lioadotl Morm. 



Control. — Ringmg the noses of swine tends to keep them from 
]'ooting, and this, of course, diminishes the danger of the pigs swal- 
lowing infested grubs. Sanitation, esi)ecially the avoidance of old 
hog lots and permanent i)astures, is an additional safeguard, 

NODULAR WORMS 

Three S])ecies of nodular w^orms are of connnon occurrence in 
swine in this country. The common nodular worm of swine, 
Oesophagostomum deifvtcutivm^ is found in practically all parts of 
this country, whereas the long-tailed nodular worm, 6, longicaudun) ^ 
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and the short-tailed nodular worm, O. hrevicaudum^ are more or 
less limited to the South. Adult nodular worms in the lumen 
(cavity) of the large intestine are slender, whitish, or grayish- 
brown worms, from about one-third to slightljr over one-half an 
inch long by about one-hundredth of an inch wide (fig. 23). The 
immature stages of these parasites occur in the wall of the large 
intestine where they undergo their early development. 

Life history. — ^The female worms discharge the egffs into the 
lumen of the intestine. The eggs reach the outside with the drop- 
pings. On bare soil and on pastures the eggs develop rapidly 
under favorable conditions, and hatch in a day or so. The newly 
hatched larvae find an abundance of food in their surroundings and 
undergo two molts in a week or less, under favorable conditions. 
The larvae retain the skin of the second molt as a loose sheath 
around the body; at this stage of development the larvae are capable 
of infecting susceptible pigs which might happen to swallow them 




Figure 23. — Swine nodu^ worms (natural size). 



with contaminated feed or water. Upon being swallowed by pigs, 
the larvae at first seek shelter in the wall of the large intestine, 
which they penetrate. As a resuJt'of the invasion by the larvae, 
the wall of the intestine becomes peppered with nodules (small 
elevations) each of which contains a young developing worm. 
Sooner or later the worms reach the stage of development at which 
they are ready to reenter the lumen of the intestine. This transfer 
is effected by a migration of the worms^ the small opening at the 
summit of the nodule affording an exit for the parasites. The 
worms in the lumen of the intestine attain their full growth and 
sexual maturity about 2 months from the time the larvae were 
taken into the body. 

Damage produced. — Nodular worm infestation is a contributing 
cause of unthriftiness in pigs, characterized by more or less weak- 
ness, constipation or diarrhea, anemia, and similar symptoms char- 
acteristic of parasitism in swine. Swine infested with nodular 
worms are usually infested also with other parasites, and it is diffi- 
cult, therefore, if not impossible to assign a specific clinical signifi- 
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cance to nodular worms alone. As already stated, the penetration 
of the larvae into the intestinal wall produces nodules, those result- 
ing from infestation with the common nodular worm being hardly 
larger than piiJieads, as a rule, while those produced by the long- 
tailed variety are much larger, conspicuously raised above the sur- 




FiouRE 24. — dinner surface of large intestine of pig showing large nodules. Several 
nodular worms are shown on the surface of the intestine. {The bottom arrow indicates 
a nodular worm lying across the nodule.) (Natural size.) 

face of the inner lining of the wall of the intestine, frequently 
highly inflamed, and sometimes complicated by secondary bacterial 
infection (fig. 24). Highly inflamed ulcerated nodules sometimes 
result from nodular worm lesions, and this in turn must contribute 
in no small measure to unthriftiness of the pigs. An ulcer is an 
open sore contaiuing more or less dead tissue, bacteria and pus. 
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Aside from the absorption of toxic material from ulcerated nodules, 
the danger of bacterial infection spreading from the nodule, with 
possible serious consequei;^cet5f»adds a further complication to this 
parasitic invasion. 

Treatment. — ^There is no known fully effective wajr of removing 
nodular worms from swine. Of the various drugs which have been 
tested, hexylresorcinol has been found to be the most effective. (See. 
p. 23 for dosage and directions.) However, the long period of 
.fasting and the high cost of tlie drug render this treatment im- 
practical. 

Control. — ^The swine sanitation system, together with the modi- 
fications designed for kidney-worm control, should be followed. 
The temporary shelter houses shojuld be moved to a new location at 
frequent intervals, at least once a week during warm weather, 
so that the larvae on the soil shaded by the houses may be killed 




E^iGUiM 25. — Swine whipworms removed from tbe intestine to show their sise and 
appearance (natural size). 

by sunlight and drying. Only movable sun shelters should be used ; 
otherwise nodular worm larvae will accumulate in places shaded 
by the shelters. The farrowing houses can serve as sun shelters if 
a door is provided at the back of each house; opening this door 
insures a free circulation of air. Good feeding is an aid in the 
control of these and other parasites of pigs. Well-fed pigs not only 
have a better resistance to the effects of jDarasites of all kinds, but 
also do less searching and rooting for feed in trash and litter; 
foraging and rooting, habits so pronounced in poorly fed hogs, 
result, as a rule, in heavy parasitic infestation, 

THE WHIPWORM 

Whipworms of swine, Trichuris suis, are from about 1% to 2 
inches long, the body consisting of a slender part followed by a 
relatively thick part. The slender portion of the worm bearing 
the head at the tip is about twice as long as the thick portion 
(fig. 25). The worms are located in the cecum and colon, the 
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minute head of the worm being rather deeply embedded in the 
lining of the large intestine (fig. 26). 

Life history. — The adult worms in the large intestine of swine 
produce microscopic lemon-shaped eggs that are passed with the 
droppings. Once the eggs are outside of the body they develop to 
the infective stage, devdopment being rather slow and requiring 
a month or longer under favorable conditions. High summer temper- 
atures speed up the development of the eggs and low temperatures 
retard their development for several months. Pigs become infested- 
as a result of swallowing the infective eggs with feed or water or 
while rooting in soil contaminated with the eggs. So far as is 




Figure 26. — Inner surface of hog's cecum showing an infestation with whipworms 

(natural size). 



known, the newly hatched larvae settle down in the large intestine 
and develop there to maturity in 4 to 5 weeks. 

Damage produced. — ^If pigs harbor a few or a moderate number 
of whipworms, they show no noticeable symptoms. Massive infes- 
tations are injurious, producing weakness and emaciation; they may 
even kill a young pig. The attachment of the worms to the wall 
of the intestine produces an inflammation of the delicate lining. 

Treatment.— No effective treatment for the removal of whip- 
worms from swine has been established. 

Prevention. — The methods recommended for the control of the 
large intestinal roundworm are also effective in controlling whip- 
worms. The similarity in control measures for the two species of 
parasites is based on general similarity in life history. 
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THE SWINE KIDNEY WORM 

The full-grown parasite, Stefhanums dentatus^ is a thick, mottled 
worm, from a little less than 1 inch to somewhat more than 2 inches 
long and from about one-twentieth to one-tenth of an inch wide 
(fig. 27). The mature worms occur in cysts in the fat surrounding 
the kidney and sometimes in the kidney tissue proper. The incom- 
pletely developed and sexually immature worms occur princii)ally 
m the liver, in various blood vessels, especially those of the liver, 
free in the abdominal cavity, embedded in the loin muscles, and in 
the lungs. Occasionally kidney worms penetrate the spilie. 

Life history. — The female worms produce large numbers of 
microscopic eggs (fig. 28). The eggs reach the ureters (slender 
tubes which connect the kidneys with the bladder) through perfo- 
rations made by the parasites in the walls of these tubes. From 
the ureters the eg^ get to the bladder and are discharged to the 
outside with the urine. Under favorable conditions of tempera- 




FiGUBE 27. — Swine kidney worms (natural size).*. ' 



ture and in the presence of an adequate supply of moisture, the 
eggs on bare soil or on pastures hatch in a day or two, and the 
larvae find abundant nourishment in their surroundings to permit 
growth and development. The larvae cannot ordinarily be seen 
Avith the naked eye. After casting oflE the skin once and subse- 
quently reaching a state in which the second larv- al skin has become 
loose around the body, the larvae are in the infective stage. Under 
favorable summer temperatures, this stage is reached 4 or 5 days 
after hatching. In the cool weather prevailing early in the spring 
or late in the fall the development of the eggs and larvae may be 
delayed for a week or longer. . 

The eggs and the larvae offer comparatively little resistance to 
sunlight, drying, freezing, and other unfavorable influe»ces;^ 
which they might be subjected in the open. However, the infecttw^ 
larvae can survive . for several weeks in situations w^icli afford 
moisture and shade. On pastures and lots aa hich contain abundant 
shade and some moisture and on lots on Avhich litter of all kinds, 
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including corncobs, corn Imsks, pine needles, leaves, etc., is alloAved 
to accunndiite. the larvae find ideal conditions for survival (fiir. '29). 
Pigs kept on such contaminated ai'eas have abundant opportunities 
of swallowing the larvae with convaniinated forage, with di'v feed, 
or while rooting. Aside from becoming infested as a result of 
swallowing the larvae, ])igs can acquire an infestation with kidney 
Avorms as a result of lying down on contaminated pastures and 
lots. The heat of the pig's body stinndates the larvae and as a re- 
sult of this stimulation, the v/onns be('on)e active and penetrate the 




FiGUKK 28.— Life liistory of sAviue kidney worm. 



pig's skin. However, regardless of the path of entry into tlie bodies 
of pigs, the larvae get into the blood stream and are carried to the 
liver, lungs, and other internal oigans. In the liver, the young 
worms ultimately bore through the walls of the finer blood vessels, 
Avander in the liver tissue ])roper, and finally perforate its outer 
covering, known as the capside. This brings the worms to the sur- 
face of the liver, over wdiicli they move freely. The worms con- 
tinue their migrations in the abdominal cavity, coming in contact 
with the A^arious abdominal organs. On reaching the kidney fat 
in the course of their migrations in the abdominal ca\dty, the Avorms 
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have little difficulty in pushing into this relatively soft tissue. Other 
wandering worms get into the loin muscles and into other organs 
and tissues. Only those worms which reach the kidney fat, however, 
succeed in establishing paths to the ureters, the walls of which they 




Figure 29. — ^Hog lot in which kidney-worm larvae as well as eggs and larvae of other 
swine parasites are likely to be abundant. 




FIGUS9 30.— Portion of spine of a hog split open to show kidney worms in spinal canal. 
Arrows point to the worms (seen as long dark bodies). 

perforate. This affords an outlet for the eggs, which, as already 
stated, are expelled with the urine. 

The cycle of development of the kidney worm within the body, 
of a pig up to the time that the eggs are ready to be discharged 
with the urme is a slow one, requiring 6 months or longer, «B m OTe, 
Sooner or later tiie worms disintegrate^ and a whitish miiu^^c^ni. 
sisting of pus is usually found in association with the dead parasites. 
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Damage produced. — ^Aside from general unthriftiness and tir- 
rested development, symptoms common to parasitic infestations of 
all kinds, there are no readily observable symptoms that are espe- 
cially characteristic of kidney-worm infestation. Infested animals 
discharge urine which at times contains pus, this being char- 
acteristic of kidney-worm infestation. Posterior paralysis is some- 
times due to the penetration of kidney worms into the spine (fig. 
30) . Most cases oi paralysis of the hind quarters are due, however, 
to other causes. 

It is evident that parasites as widely distributed throughout the 
bodies of swine as are kidney worms will produce more or less 
serious damage in the tissues and organs in which they lodge or 
with whi«h they come in contact. The principal injliry inflicted by 




Figure 31. — Swine liver with numerous bloody tracks produced by kidney-worm 

migration. 



kidney worms involves tHe liver. The worms that migrate through 
the liver and perforate its capsule produce bloody tracks (fig. 31). 
As these active lesions heal, the damaged liver cells are replaced 
by hard connective tissue which produces the grayish-white liver 
scars characteristic of kidney worm infestation (tig. 32). These 
hard areas may be small, circumscribed, and more or less superficial 
or large and striking and extending deeply into the liver tissue. 
Pus is commonly associated with the worms which lodge in the liver 
lesions. tJnder meat-inspection procedure considerable losses are 
sustained owing to the rejection and condemnation of affected livers. 
The invasion of the loin muscles (fig. 33) necessitates considerable 
trimming of expensive parts of hog carcasses. When the infesta- 
tion is excessive and is accompanied by pus, considerable portions of 
a carcass and sometimes an entire carcass must be condemned. 
These losses are ultimately borne by swine producers, who receive a 
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FiOTTKE 33. — ^Loin musclee of a hog cat open to show kidney-worm inyasion. Arrows point 
to kidney wonns (natural sisse). 
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lower price for hogs because of exjiected injuries :is well as because of 
the injuries to liog carcasses actually produced by tlie parasites. 

Other important injuries produced by kidney woi'nis involve the 
hmgs, which contain hard nodular masses ]narkino^ the locations 
of the worms and associated pus; the Ijlood vessels, in which iucom- 
])letely grown worms become ai*rcsted iind in wliicli tliey produce 
changes that interfere with the circulation of the blood; the ureters, 
the walls of which become thickened when the worms lodge in them; 
the kidney fat, which is unfit for rendering into lard because of 
infestation Avitli worms; and the spleen and other oi'gans whicii 
are sometimes invaded by the ]:)ai'asites. 

Treatment. — Tliere is no known jiiedicinal ri'eatment for the re- 
moval of kidney worms from the blood vessels, liver, kidney fat, 
kidiiey proper, lungs, loin muscles, or the othei' locations in which 
these parasites occur. 

Prevention. — The control of kiduey-worm infestation must be 
based on ])reventive measures. Prevention in this case means re- 
ducing pasture contamination by observing certain fundamental ])re- 
cautions as regards sanitation. This, in turn, iiivolves arrangements 
which will ex])ose kidney-worm eggs and larvae to the svni, ])reve]it 
the accumulation of litter and ti'asli on hog ])astures, and i)rovide 
good drainage. This program can be carried out as follows: 

The pasture on M'hich the ])regnant sow is ])laced shortly before 
farrowing should be a well-drained, temporary ])asture that has 
been esi)ecially prepared by being sown to a suitable forage crop. 
Tliere should be a bare area ])retVi'id)ly all around the pasture 
(fig. 34) but at least at one end of it. The l)are area at the end 
should be sufficiently wide (about -^0 feet) to accommodate the 
shelter houses, watering barrel or other supply, creep with self-feeder 
for the ])igs, and a feeding pen for the sow. The remaining bare 
area should be provided, if possible, but it need ]iot exceed from 
3 to 5 feet in width. The entire bare area should be free from 
trash and litter. Under this arrangement a considerable portion 
of the sows' urine will be deposited on the bare soil in the Avide, 
])are area and along the fences. Under this arrangement kidney- 
worm eggs eliminated with the urine of infested sows will be 
deposited, for the most part, where they will j^erish from exposure 
to sunlight, heat, and drying. In the al)sence of vegetation, the top- 
soil is sufficiently dry, except during v;et seasons, to destroy life in 
the eggs and larvae of these worins. 

By providing a separate feeding ])en for the sows and, at some 
distance away, a cree]) Avith self-feeder for the pigs, a considerable 
])ortion of infective material Avill be kept away from the pigs. To 
accomplish this result, the gate of the sows' feeding pen should be 
kept closed to keep the pigs out ; the gate should be opened only 
to admit the sows to the feeding ])en and to drive them out about 
an hour after feeding. Soavs tend to mnnate after feeding, and the 
kidney-Avortn eggs de])osited Avith the ui'ine will remain and ulti- 
mately perish in an area Avhere the larvae Avhicli issue from the eggs 
Avill not reach the pigs, provided the drainage from the soavs' feeding 
pen does not reach the ])asture. 

This entire arrangement, designed to provide effective, natural 
barriers to the development of kidney-Avorm eggs and larvae, is an 
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effective and practical method of combating one of the most serious 
parasites which infests swine. Ahhough the sows will also urinate 
on the pasture and thus deposit egus tliere, the phm previously out- 
lined has the advantage of eliminating a nuijor part of the infective 
niaterial, thus reducing the degree of infestation to a point where 
it will do little harm. 

The pigs should be weaned as early as is consistent with sound 
husbandry practices and the weaned pigs moved to a clean pasture, 
preferably one that has not been occupied by pigs for 6 months or 
longer. The best procedure is to move the pigs to a temporary 
pasture that has been sown to a forage cro^) since its previous oc- 
cupancy by pigs. This precaution will preclude infestation with 

FENCE 



PENS FOR 
FEEDING 
SOWS ONLY 



BARE GROUND 



5 Tfeet 

rEDGE" of" pasture" ~ "a. ",~ > 




'1 



V PASTURE 



□ 



CREEP 
WITH 
SELF- 
FEEDER 
FOR 
PIGS 



t-^, .v,*. -' 

I " ^ • 



I 

':i 

I 



""-J 



.vV-'/,..^ .vWw tv.j 

^-». "'- I 



.s*. 



BARE GROUND 



FENCE 

FiGUKE 84. — Diagram sliowinfr the kklney-worm {ontrol plan. 



kidney worms following weaning, provided the pasture is so located 
that it will receive no drainage from areas occupied by the older 
breeding stock. 

In short, the precautions to be followed are intended to protect 
the pigs from acquiring a marked infestation while they are with 
the sow, and to avoid any kind of infestation after weaning. 

LUNGWORMS 

Three species of lung worms, Mefa'<frongylv>< eJongafvk, J/, mlmi, 
and Glioero^trongylus imdendotectus^ occur in swine, the first- and 
third-named species occurring in relatively large numbeis, as a rule, 
whereas the species listed second usually occiu\s in small numbers. 



"Additional information on controlling kidney worms i-v civon in Y. S. Department of 
Agiicultnre Leaflet No. 108, Controlling Kidney Worms in ^Swine in the Soutliei'ii States. 
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when present. Swine are usually infested by two or all three species, 
all of which are relatively long, slender, whitish worms, from about 
one-half to 2 inches long by about one-fiftieth of an inch or less wide 
(fig. 36). These parasites are found occasionally in the windpipe, 
more often in its two main branches called the bronchi, their pre- 




FiGURK 35.— Lower portion of swine lung partially cut open to show the nests of lung- 
worms. Several lungworms were removed to show their size ana shape. 



ferred location, however, being the smaller bronchi and the bronchi- 
oles (the finer branches of the bronchi), and especially those in the 
lower portions of the lungs. So far as is known, the three species 
of lungworms which parasitize swine are equally injurious, the de- 
gree of injury produced depending upon the number of worms pres- 
ent in individual pigs. 
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Life history. — Fioure ?>G shows the complete life cycle of the lung*- 
worm. The female worms in the lungs of infested pigs produce 
large numbers of eggs, whicli are coughed up, swallowed, and elind- 
]iated with the dro[)pings. When fully developed, each egg con- 
tains a young worm. Earthworms, or angleworms, feeding on swine 
manure or on soil contaminated witli swine manure, swallow the 
eggs. The latter hatch and develop in the body of earthworms to a 
stage in which they are infective to swine. Pigs acquire a lungworm 
infestation as a result of swallowing infested earthworms which they 




FKU'in-: 'AC: — I/ifo cyvlo of swiiio lun<r\vorn'.s. 



bring to the surface by root ing. A single earthworm may harbor from 
several to about 2,(H)6 or more luiigworin larvae: the latter number is 
sufficient to produce a heavy infestation in a ]>ig which might happen 
to swallow such a heavily infested worm. The lungworm larvae 
contained in infested earthworms become free in the alimentary 
canal of pigs as a result of the [)rocess of digestion. Once they are 
free in the intestine, the young lungworms penetrate its Avail, and 
follow the course of the lyinpli which leads to the heart, and tlience 
to the lungs. Lymph is a 'body fluid sinular to blood, but it lacks the 
elements which'give blood its red color. In about 4 weeks after a 
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pig has swallowed infested earthworms, the lungworms have devel- 
oped to the egg-producing stage, and the droppings of such a pig 
are capable of infecting a fresh crop of earthworms. 

Damage produced. — ^The most outstanding symptom of lungworm 
infestation is a cough, a condition which weakens an animal, par- 
ticularly a young animal, and lowers its vitality. Young pigs have 
been known to die as a result of heavy lungworm infestations. In 
heavy infestations the finer bronchi and bronchioles are plugged with 
worms, and this produces a localized pneumonia. During the early 
stages of invasion by these worms, the lungs are peppered with 
hemorrhages resulting from the perforation of the walls of the deli- 
cate blood vessels in the lungs (fig. 37). In infestations of long 




Figure 37. — ^Lungs of a pig 4 days after infection with lungworms. The dark spots over 
the surface of the lungs are small hemorrhages. 

standing, the posterior tips of the lungs commonly show grayish, 
hardened areas marking the location of worms in the bronchi and 
bronchioles. 

Treatment. — ^There is no known medicinal treatment effective in 
removing these worms from the lungs. Infested animals should be 
taken off the pasture or out of the lot and placed in a dry, clean pen, 
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preferably one Avitli a concrete floor, to insure a<iainst further in- 
festation from swallowino- infested earthworms. AVhile kept in iso- 
lation, sick pio's should hv supplied with ^xood feed in abundance, 
safe drinkino- water, and <»-ood bedding that is renewed at fairly 
frequent intervals. 

Prevention. — The control of lungwonn infestation in pigs in- 
volves arrangements which will reduce the nundjer of earthworms 
on })astures and lots and prevent swine from I'ooting. Earthworms 
thrive in old hog lots in which mamn-e and litter accumuhite, on 
])ermanent pastures, and in low fields which receive drainage from 
higher fields. Well-drained fields, on which crops are cultivated 
seasonally, contain com[)aratively few earthworms. 

Effective control of lungwonn infestation involves the use of the 
sanitation system of swine management, the absolute avoidance of 
old hog lots, and the selection of vrell-drained pastures, fencing off, if 
necessary, the lowest portions of pastures to which rain and wind 
carry manure and other litter. As an additional ])recaution, it is 
important to ring the noses of swine to prevent excessive rooting.* 

TRICHINA 

Trichinae, Triehinella spimVh. are slender threadworms, occurring 
in the small intestine of swiiu^ as adults, in the blood as migrating 
larvae, and in the nmscles as encysted or encapsulated worms. The 
adult worms in the small intestines are from one-sixteenth to one- 
sixth inch long and about as wide as a very fine thread: the mi- 
grating worms in the blood are microscopic in size: tlie encapsulated 
larvae in the muscles are spirally rolled and are al)out one twenty- 
fifth of an inch long. These ]^arasites occur not only in swine, but 
also in human beings, rats, mice, dogs, cats, and in various other 
animals that have carnivorous or omnivorous habits. 

Life history. — Figure .'^S illustrates the com]>lete life cycle of tri- 
chinae. The adult worms in the intestine are rather short-lived, but, 
before they die and pass out with the droppings, the females pro- 
duce nnmerous young worms which are deposited directly in the 
lymph spaces in the wall of the intestine. From the lymph channels 
the worms reach the large blood vessels leading to the heart, the 
heart itself, and the blood vessels leaving the heart, and are carried 
by the blood to all parts of the body. When the young woi-ms in the 
blood stream reach the muscles, they penetrate the muscle fibers and 
grow at the expense of the muscle tissue. In about 3 weeks after they 
get into the muscles the young worms have attained their maximum 
size, become spirally coiled, and a thin meml)rane or cyst about one- 
fiftieth of an inch in diameter forms around each worm. Occasion- 
ally two or more worms are enclosed in a single cyst or capsule. The 
encapsidated worm is tra[)ped in tlu^ muscles and can undergo no 
further development until the muscle tissue in which it is lodged is 
eaten by another susceptible animal. Pigs acquire trichinae as a 
result of eating scraps of pork containing the encysted worms, or as 
a result of eating dead pigs, dogs, cats, rats, or mice harboring en- 
cysted trichinae. Rats and mice become infested as a result of eating 
scraps of infested [)ork or each other. Cats become infested as a 



' Additional information on lunuwoi ms is ,i:i\en in I'. S. Deiiartiaont of Agriculture 
Leaflet No. ]18, Control I itiir lain.uwoiius of Swine. 
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result of eatiii<^ infested raw ])()rk or infested rats or mice. Hmnan 
bei]igs and dogs become infested Avitli trichinae, usually as a result 
of eating raw or imperfectly cooked pork infested with these 
parasites. 

Wlien a hog or any other susce]>til)le animal swallows flesh con- 
taining encysted trichinae, the worms are liberated in the stomach 
as a result of digestion of the meat. The parasites, however, are 
liberated from the cysts and pass into tlie intestine; in about a Aveek 
or so they begin producing the new generation of young worms, 




FiGUKK 08. — J^ite cycle of trichinae. The worni.s «liowii aio highly magnified. 



which migrate to the muscles and ultimately become encysted there. 

Damage produced. — Tlie disease i^roduced by trichinae is known as 
trichinosis. Trichinosis is practically neier diagnosed in swine dur- 
ing life because other and better-knowii diseases of these farm ani- 
mals show s^miptoms similar to those of trichinosis. Consequently, 
trichinosis in swine is probably confused with other diseases. With- 
in a few days after a large quantity of trichinous meat has been 
eaten, affected hogs take no food, A^omit at times, crouch in the straw, 
and move about Avith difficulty. When the youiig worms invade the 
nuiscles, beginning about the second Aveek after infestation, affected 
hogs moA^e about stiffly and frequently lie motionless in one x^lace. 
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There may be considerable swelling, especially of the eyelids. Re- 
coveiy is the rule, unless the infestation is very severe. With the 
encystment of the worms in the muscles, the symptoms gradually 
disa])pear, the ati'ected animals regain their appetite and apparently 
]nake a good recovery. Due to the invasion of the muscles by the 
parasites, important changes take place in them, but witli recovery 
the muscles take on a normal appearance. However, the encysted 
worms may remain alive in the muscles for a year or longer. The 
symptoms mentioned are o})served in rather severe experiiuental 
infecticms. In light infections all or nearly all of these symptoms 
may be lacking. 

Treatment. — There is no know n elfecti\'e treatiiieiit foi' trichinosis 
in swine or in any other animal. 

Control. — The control of trichinosis in swine imohes management 
lending to eliminate the sources of infestation. Since SM'ine ac- 
(|uire trichinae by swallowing trichinous pork or by devouring the 
flesh of infested rats, mice, or otlier animals, it is important to elim- 
inate these sources of infestation. There is danger that hogs will 
become trichinous if they receive garbage containing uncooked pork 
or offal from slaughterhouses. The incidence of tricliinae in garbage- 
fed hogs is about five times that in grain-fed hogs. The feeding of 
(uicooked garbage to hogs should be avoided therefore, as a control 
measure for trichinosis in swine. Hogs which die on the farm 
should not be left on the pasture or lot to be eaten by other hogs; 
the carcasses of such hogs should be buried deeply in quicklime, or 
preferably the carcasses should be burned. The swine sanitation 
system described on ])ages 23-20 will aid materially in controlling 
trichinosis in hogs and thus reduce the chances of spreading a disease 
which is dangerous not only to the health of swine but which also 
affects human beings, [)roducing a serious, and very painful disease.^ 

SUMMARY OF CONTROL MEASURES 

The principal known metliods of controlling internal swine para- 
sites are briefl}' as follows : 

Bladder- worm infestation may be prevented by (lie use of modern 
sanitary sewage disposal or sanitary privies on farms and in rural 
comnuuiities and by restricting the wanderings of dogs so as to keep 
these animals off hog pastures. Periodic treatment of dogs for the 
I'emoval of tapeworms is an additional p)recaution. 

Sanitation, involving the use of temporary pastures sown to suit- 
able forage crops, selecting pastures that aie well-drained, and keep- 
ing them free from trash and litter are fuiulamental jnethods of con- 
trolling Protozoa, stomach worms, intestinal roundworms, thread- 
worms, whipworms, thorn-headed worn^s, nodular worms, kidney 
worms, lungworms, and trichinae. 

The use of pastures with bare areas, as recommended in this bulle- 
tin, is an additional precaution and affords an effective and practical 
method of controlling kidney worms. This method should be fol- 
lowed on hog pastures in the South. 

If temporary pastures caimot be made available. ])ermanent 
pastures from which hogs have been excluded for at least a year 



^Additional information (ai tricliinosis is tcivon in V. S. Dot^aitmont of AgricuUuro 
Leaflet No. 34, Trichinosis : A Disease Caused by Eatinjr Raw Pork. 
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msij be substituted. Suck]in<>: })i<i;s slioukl be protected from asso- 
ciation Avith older liogs other tliau their mothers. After weaiiinii: 
and until tliey are ready for market, tlie pigs should still be i^rotected 
from association with other hogs, and especially Avith the oldei* 
breeding stock. 

The ])astures should have good fences to keej) the pigs from getting 
iuto loAY, wet areas. Such areas are dangerous because they har])or 
cartlnvorms, grubs, and adult iustn'ts which convey, res})ectively, 
Itmgworms, thorn-headed Avorms, and stomach worms to swine. Wet 
areas in certain regions may harbor snails that convey liver flukes 
and crayfishes that cxmvey lung flukes to swine. 

Clean, well-fenced temporary ])astures sown to suital)le forage 
cro])s tend to reduce pai'asitic infestation to a low^ level. Adequate 
supplemental feeding helps to minimize the effects of parasitism, 
and by reducing the tendency of ]>igs to search for food by rooting 
protects them to a considerable degree from lungworms and thorn- 
headed Avorms. These worms s])e]ul ])art of their life cycles in earth- 
w^orms and white grubs, res})ectively. Kinging the noses of pigs is 
a well-knoAvn method of preventing rooting. 

The avoidance of uncooked ])ork in hog feed, the proper dis])osal 
of offal from hogs slaughtered on the farm and in coimtry slaughter- 
houses, keeping rats and mice out of hog lots, and the burning or 
deep burial of dead hogs Avill tend to reduce trichinosis in hogs. A 
rigid adherence to the SAvine sanitation system Avill control trichinosis 
effectively. 

As a number of the parasites discussed in this bulletin are trans- 
missible to hinnan beings, a strict adherence to the sanitation system 
of management is im])ortant not <m]y in the interest of proper swine 
husbandry but also for safeguarding human health. 
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